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ABSTRACT  fCaaMaaa  aa  n 

Insulators  exposed  to  tbe  conblned  effects  of  an  intense  electric 
field  and  ionising  radiation  frequently  exhibit  trapped-charge  effects, 

Che  aost  notable  exaaple  being  the  oxide  in  MOSFET  devices.  This  report 
explores  a  heretofore  neglected  radiation  daaage  aachanisa  in  electro* 
optically  tunable  filters  (SOTF)  and  other  electro-optical  devices  rsqulr* 
lng  high  field  strengths.  This  aachanisa  is  the  gross  perturbation  of  tbs 
*l«trle  field  as  a  result  of  trapped  space  charge.  — „ 
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20.  ASSTftACT  (SmSmS) 


We  sec  up  Che  equations  for  calculating  Che  changes  in  eleccric  field 
under  irradlacion  for  two  different  node Is:  (1)  for  blocking  contacts 
with  negligible  crapping  in  the  bulk,  and  (2)  for  ohnic  contacts  with  bulk 
trapping.  The  results  are  expressed  in  terns  of  physical  paraaeters,  soae 
of  which  are  not  known  for  AgGaS2 ,  the  naterlal  nost  likely  to  be  used  for 
the  Infrared  E0T7.  More  experimental  work  is  needed  in  order  to  aake 
accurate  predictions,  but  by  estimating  reasonable  values  for  the  unknown 
physical  paraaeters,  using  SiOo  «a  a  guideline,  we  find  that  for  either 
aodel  a  dose  of  about  XOj  rad  Is  consistent  with  a  field  degradation  of 
50Z.  Froa  the  uncertainty  in  physical  paraaeters,  the  effect  described 
could  equally  well  occur  at  both  higher  and  lower  dosages.  However,  such 
a  large  variation  in  field  would  have  a  strong  impact  on  -tAs  operation  of 
EOTF  devices .  | 

Additional  experimental  and  analytical  studies  are  recommended  in 
order  to  determine  more  accurately  the  needed  physical  paraaeters  and  to 
explore  the  behavior  of  the  electro-optical  aaterlal  under  conditions  of  a 
nonunlfora  electric  field  resulting  froa  Ionizing  radiation. 
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1.  GcoMtiy  of  a  Single  Layer  of  an  EOTF .  4 


I.  INTRODUCTION 


The  purpose  of  this  report  Is  (s)  to  consider  models  for  calculating  the 
effects  of  ionising  radiation  on  an  elecro-optical  tunable  filter*  (EOTF)  and 
other  electro-optical  devices  requiring  a  large  electric  field  and  (b) ,  on  the 
basle  of  such  models,  to  estlaate  the  magnitude  of  the  electric  field  distor¬ 
tion  that  could  be  expected  to  occur  in  the  ionising  environment  of  space. 

The  quantitative  effect  of  such  field  distortions  on  an  EOTF  mill  be  con¬ 
sidered  in  a  later  report.  Hera,  it  is  considered  quite  likely  that  a  field 
distortion  of  50Z  would  have  a  very  deleterious  effect  on  the  operation  of  the 
EOTF. 

Although  radiation  tests  are  planned  for  silver  thiogallate  (AgGaS2),  a 
promising  candidate  for  the  EOTF,  none  of  these  tests  are  designed  to  pick  up 
the  effects,  if  any,  of  trapped  space  charge.  The  buildup  of  trapped  space 
charge  in  insulators  exposed  simultaneously  to  a  large  electric  field  and 
ionising  radiation  is  a  frequent  occurrence,  one  that  most  commonly  results  in' 
the  positive  charge  buildup  in  the  Si02  layers  of  MOSFET  devices.2*3  Since 
the  EOTF  changes  its  bandpass  frequency  in  response  to  changes  in  the  electric 
field  strength,  it  seems  quite  obvious  that  changes  in  the  Internal  field  of 
this  layered  structure  resulting  from  space  charge  buildup  will  seriously 
affect  the  operation  of  this  device. 

Figure  1  is  a  schematic  of  one  layer  of  such  a  device.  The  fields  in 

adjacent  layers  are  directed  in  opposite  directions.  The  shaded  contact 

reglona  are  highly  doped  compared  to  the  insulating  bulk  region.  The  resist- 
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ivity  of  the  bulk  region  is  expected  to  be  ~10  0  cm  or  greater  at  the  temp¬ 

erature  of  operation  (40*K).  The  thickness  i  is  about  25  urn,  that  of  the 
contact  layers  about  4  urn.  A  typical  applied  bias  V#  would  be  about  1000  T, 
making  the  strength  of  the  applied  field  about  4  *  105  V/cm. 

The  presence  of  ionising  radiation  generates  electrons  and  holes  that 
will  either  recombine,  be  swept  out  of  the  crystal,  or  be  trapped  at  impurity 
centers  or  other  crystal  defects.  We  will  consider  two  cases:  (1)  a  model  of 
blocking  contacts  with  no  trapping  and  (2)  a  model  of  ohmic  contacts  with 
trapping  present.  The  bulk  material  will  be  assumed  to  be  slightly  jr-type. 


\ 
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II.  CASE  I:  BLOCKING  CONTACTS,  WITH  NEGLIGIBLE  TRAPPING  IN  THE  BULK 


In  Che  ease  of  blocking  contacts,  the  electrons  and  holes  are  swept  out 
of  the  crystal  but  are  trapped  close  to  the  anode  and  cathode,  respectively. 
Although  the  low- resistivity  regions  are  fabricated  with  the  Intent  of  provid¬ 
ing  ohmic  contacts,  wt  cannot  be  certain  at  this  stage  that  this  will  indeed 
be  the  case.  Furthermore,  the  calculation  for  blocking  contacts  is  relatively 
easy  to  make  and  provides  a  crude  illustration  of  the  magnitude  of  field 
degradation  that  could  occur. 

The  rate  per  unit  volume  at  which  electrons  and  holes  are  generated  is 
N  =  g_D,  where  gg  la  the  generation  rate  (number  of  carriers  generated/ 
car /rad)  and  D  is  the  dose  rate  in  rad/sec.  If  the  electric  field  E  is  large 
enough  to  sweep  the  electrons  and  holes  to  the  electrodes  before  they  have  a 
chance  to  recombine  or  get  trapped,  the  current,  which  is  also  the  rate  of 
charge  buildup  at  or  near  the  blocking  contacts,  is 

dQt 

I  -  -  qggD  teh  (1) 


The  quantity  gQ  la  related  to  the  density  6  and  to  the  average  energy  e. 

-14  1 

required  to  generate  a  hole-electron  pair  by  gg  ■  6/(1. 6  x  10  c^).  ia 

usually  about  3  times  the  band  gap.  If  the  mobile  charge  is  trapped  a 
distance  A  from  the  contacts,  one  can  show  by  Gauss’  law  that  the  field  in  the 
bulk,  EB,  becomes 


(V./A)  - 


2A 

1 


(2) 


Next,  we  define  Dp  to  be  the  total  dose  (Dt)  required  to  decrease  Eg  to  pX  of 
the  applied  field  (V#/i).  Then,  from  (1)  and  (2) 


(l  *  ifo) 


V  ct- 

a  0 

2*Un* 


(3) 
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In  order  to  get  a  value  for  the  done  required  to  degrade  Eg  by,  say,  SOX, 
w  need  to  aake  scae  assumptions  for  the  values  of  A  and  gQ,  since  these 
values  are  not  known  for  AgGaS2>  We  therefore  take  the  values  characteristic 
for  holes  in  SIO2:  A  ~100  A  and  gQ  “  7.6  x  1012/ar*  rad.  This  gives,  for  a 
50X  field  reduction 

Dso  -  0.75  x  105-rad 

Slnoe  we  have  only  estlaated  the  values  of  A  and  gQ,  the  calculation  can 
only  suggest  that  a  total  dose  of  105  rad  alght  be  sufficient  to  produce  a 
large  degradation  In  the  Internal  field  of  this  device  if  blocking  contacts 
are  present. 


III.  CASE  II:  OHMIC  CONTACTS 


Ohmic  contacts  on  Insulators  tend  to  result  in  space-charge-llmlted 
currents.4  In  the  trap-free  case,  electrons  Injected  at  the  cathode  give  rise 
to  very  large  currents,  which  are  inconsistent  with  the  measured  resistivity 
of  1013  q  cn.  The  presence  of  a  large  trap  density  tends  to  pin  the  Fermi 
level  so  that  the  traps  are  partially  occupied;  the  Injected  electrons  become 
mostly  trapped  and  thus  unavailable  as  current  carriers.  In  this  case  the 
current  increases  linearly  with  voltage  until  the  trapa  are  filled,  then  it 
jump*  up  very  rapidly  to  the  trap-free  limit.  The  voltage  at  which  the  trap- 
free  limit  takes  over  is  about4  5600  V  for  -  I0l^/cm3.  The  measured  high 

resistivity  for  AgGaSj  samples  is  more  consistent  with  the  presence  of  traps 
than  is  the  trap-free  case.  In  what  follows,  we  assume  a  single,  donor-like 
trapping  level  slightly  above  the  Fermi  level. 

He  need  to  solve  the  transport  equation  along  with  Poisson's  equation: 

If  ■  «08  +  -  "V1  -  «»I  (*., 

It  '  *0S  '  "pdl,<pE>  -  pCpV  C*» 

S  •  ^  IV1  -  f>  +  <»  -  ">]  <**> 

Here  u  and  u  ,  respectively,  are  the  electron  and  hole  mobilities,  f  is  the 
n  p 

probability  of  occupation  by  an  electron,  and  CQ  and  Cp  are  capture 
probability  constants.  In  Eq.  (4)  we  have  neglected  the  electron  and 
hole  emission  terms  because  the  trap  is  considered  to  be  a  deep  level  at 
low  temperature  (~40*K).  In  steady  state,  ~  ■  o,  ■  0,  div  j  ■  0,  and 


(steady  state) 
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In  the  present  esse,  because  of  the  large  field  and  small  device  thickness, 
the  fate  of  most  of  the  electrons  and  holes  is  to  be  swept  out  by  the  field. 
This  means  we  can  get  a  quasistatic  solution  to  Eqs.  (4a)  and  (4b)  by 
neglecting  the  trapping  terms.  Since  the  sample  is  tintype,  no  holes  will  be 
injected  at  the  anode,  so  p(0)  ■  0,  and  enough  electrons  (n£ )  will  be 
injected  at  the  cathode  to  support  the  current  density  of  j: 

3  *  '*  (6) 

when  n^  and  E^  are,  respectively,  the  carrier  density  and  electric  field  at 
the  cathode,  x  »  4  (actually  at  the  "virtual”  cathode).  The  quasistatic 
solution  of  Eqs.  (4a)  and  (4b)  becomes 


n  •  (2A  “  *)/vnE 


(7a) 


P  -  8q6  x/wpS 


(7b) 


However,  Eq.  (S)  is  not  yet  satisfied;  instead,  the  concentration  of  trapped 
holes,  pT  s  Hj  (1  -  f),  is  determined  by  the  following: 

TT  “  PVt  "  Pt(pCp  +  nCn)  (8) 


For  small  t  such  that  p_  <  <  pC  N_/(pC  +  nC  ),  Eq.  (8)  becomes  simplified, 

i  pip  n 

and  solving  Poisson's  equation  gives 


Et  -  Et 


EE. 


.  + 
‘oD(— 


(9) 


The  capture  probability  Cp  is  the  thermal  velocity  times  the  cepture 
cross  section  a.  Since  the  site  is  not  ionized  when  it  captures  a  hole,  a  is 

quite  small,  say  ~10  cm*,  so  at  40*K,  C_  ~2  x  10  ®  cm^/sec.  For 

15  3  '  —7 

N  "  10  /cm  ,  the  quantity  (N_C  t/u  )  very  quickly  (~10  sec)  becomes  the 
T  Z  p  p 

dominant  term  in  the  parenthesis  of  Eq.  (9);  hence,  we  get 


8 


where  AE  »  E^  -  Eq  and  "E  ■  Vg/t  ■  (E^  +  Eq)/2.  From  Eq.  (10)  the  dose  to  make 
(AE/E)  -  0.5,  a  severe  perturbation  in  the  field,  is  again  about  10^  rad, 
assuming  the  trap  density  Hj  to  be  10^.  Actually,  in  typical  Insulators  it 
is  extremely  difficult  to  achieve  trap  densities  this  low.  Therefore,  a  dose 
considerably  less  than  10^  rad  might  suffice  to  create  a  large,  possibly 
catastrophic  degradation  in  the  internal  electric  field  of  a  AgGaS2  EOTF. 

In  the  analysis  presented  above,  only  the  electric-field-sensitive  elec¬ 
tro-optical  effect  has  been  considered.  However,  radiation  can  cause  effects 
on  the  passive  optical  transmission  of  an  EOTF.  For  example,  radiation  can 
cause  the  formation  of  color  centers  whose  absorption  properties  could  cause 
reduced  transmission  in  wavelengths  of  Interest.  Furthermore,  in  the  specific 
case  of  silver  salts  such  as  AgGaS2>  there  is  the  possibility  of  the  nuclea- 
tion  and  growth  of  microscopic  particles  of  silver  metal,  as  happens  when 
silver  halide  crystals  of  the  sort  used  for  photographic  purposes  are  exposed 
to  energetic  radiation.  Such  particles  would,  by  scattering,  reduce  the 
transmission  of  the  filter. 
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IV.  RECOMMENDATIONS 

Although  the  above  calculations  illustrate  the  possibility  that  severe 
Internal  field  degradation  will  occur  in  an  ionizing  environment,  more 
quantitative  results  are  needed  and  other  likely  models  should  be  explored. 
More  experiments  are  needed  to  determine  the  parameters  more  accurately  and  to 
determine  which  model  is  correct.  Furthermore,  we  need  to  explore  the  effect 
of  field  degradation  on  the  operation  of  an  actual  EOT?  device.  Since  the 
present  device  model  assumes  a  constant  electric  field,  a  careful  reworking  of 
the  device  physics  is  required.  Experiments  to  measure  changes  in  optical 
constants  before  and  after  irradiation  at  40*K  in  the  presence  of  an  electric 
field  should  be  given  a  high  priority. 

The  following  experimental  and  analytical  studies  are  proposed: 

1.  Elllpsometry  measurements  at  40*K  on  single  layers  of  AgGaS2  with 
ohmic  contacts  and  electric  field  applied,  both  before  and  after 
Co®°  irradiation  at  doses  of  10*,  10^,  and  10®  rad  (AgGaS2). 

2.  Measurement  of  V-I  curves  before,  during,  and  after  Co®0  irradia¬ 
tion  at  40  *K.  The  purpose  of  this  experiment  is  to  determine 
trapping  constants  Cp,  Up  and  carrier  generation  rate  gQ. 

3.  A  literature  search. 

4.  Analytical  studies  to  improve  the  model  and  enable  a  more  quanti¬ 
tative  prediction. 

5.  Consideration  of  hardening  methods  (such  as  decreasing  NT)  If  a 
potential  problem  is  shown  to  exist. 

6.  Measurement  of  radiation  effects  on  optical  transmission  of  EOTF 
materials  in  wavelengths  of  Interest. 
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